W ith the identification of deoxyribonucleic acid (DNA) as the basis for genetic inheritance in 1953, and the recognition that its simple chemical language of nucleotides -A's, C's, G's and T's -was responsible for life's abundant forms, scientists began unraveling the mysteries of genetic inheritance. This discovery formed the basis for the development of recombinant DNA (rDNA) methods, first reported in 1973 by California scientists Stanley Cohen and Herbert Boyer. They demonstrated that it was possible to move functional segments of DNA from one organism to an unrelated organism -a technique commonly called genetic engineering or biotechnology.
The first use of genetic engineering to modify plants was reported in tobacco in 1983, and the first commercial genetically engineered plant, the FlavrSavr tomato, was marketed in 1994 by a California company, Calgene (California Agriculture 54[4]:6-7). Although the tomato was later taken off the market, other commercialized crops have entered -most notably large-acreage crops such as canola, corn, cotton, soy and most recently alfalfa. A few minor-acreage crops have met with limited commercial success: papaya, certain types of squash and sweet corn.
However, if success were measured by the increase in global acreage of these crops, certainly genetically engineered crops have been successful; in 2005, the billionth acre was planted. About 8.5 million farmers in 21 countries have carried out the planting, although most of the acreage was in the United States, with almost none in Europe (James 2005) . Acceptance by consumers has not come so easily, and the majority are still not aware that they are eating genetically engineered foods (Pew Initiative on Food and Biotechnology 2006; James 2004) .
Despite the acreage devoted to genetically engineered crops, the diversity of crops and traits is limited. Nearly all commercial, genetically engineered crops are either those which carry pestkilling genes from the bacterium Bacillus thuringiensis (Bt), or those carrying herbicide tolerance, pre- The insecticidal and herbicide-tolerant traits are focused on improving the lot of the farmer. But, if used responsibly, some scientists believe that these improvements can also be beneficial to the environment. This has been most dramatically demonstrated by the decreases in insecticide application since the cultivation of Bt cotton (Sankula et al. 2005; Benbrook 2004 ). Estimates of whether herbicide use has increased or decreased vary depending on the crop, location and calculation method used, but the types of herbicides being used and the ease of use has resulted in a shift to more environmentally friendly herbicides (FernandoCornejo and McBride 2002) .
A look down the pipeline for future applications of biotechnology for agricultural crops is clouded by a number of factors. Although publicsector scientists have played a role in variety development, their ability to do so in the arena of genetically engineered crops is limited by issues such as regulatory costs and inadequate access to key technologies due to intellectual-property protections (patented technologies and genes). These factors, as well as consumer acceptance, will determine whether genetic technologies will be used to address problems specific to the small-acreage crops important to California.
Responding to the impact of these obstacles, crop biotechnology is adding a new chapter. A UCbased initiative called Public Intellectual Property for Research in Agriculture (PIPRA) is creating a public-sector "toolbox" through an intellectualproperty consortium that is focused on identifying enabling technologies that will overcome some of the existing constraints (Graff et al. 2004) . Also, the national group Specialty Crops Regulatory Initiative (SCRI), with strong California representation, is leading an effort to ease small-market and specialty genetically-engineered crops through the costly regulatory-approval processes. With these factors playing a role, perhaps the promise of biotechnology for California's small-acreage crops will be realized.
